with irregular borders on his lower extremities. HEENT exam was unremarkable. Lungs were clear. S1 and S2 were normal without murmurs, rubs, or gallops. Abdomen was soft and non-tender without masses or organomegaly. He was Tanner 1. Both testes were descended. Back was straight. Extremities were normal. Muscle mass was normal without tenderness. On neurologic examination, deep tendon refl exes were 2+ bilaterally. Toes were downgoing. Muscle strength was 5/5 throughout. Cranial nerves II through XII were intact.
On initial laboratory evaluation, hemoglobin was 9.7 g/dL, white blood cell count 8,600/mm 3 with 45% neutrophils, 41% lymphocytes, 10% monocytes; platelet count 178,000 mm 3 . MCV was 74, MCH 21, RDW 22 (normal 12.5-16), reticulocyte count 4.5%. Chem14 and ionized calcium were normal save for an albumin of 2 g/dL. GGT was normal. Sedimentation rate and C-reactive protein were normal; CPK was 510 IU/L (normal 27-248 IU/L).
Robert Listernick, MD, moderator: I know this may be a profound metaphysical, philosophical question, but what's a muscle cramp? Nancy Kuntz, MD, pediatric neurologist: You couldn't have picked a topic more sure to create excitement and argument among neuromuscular specialists than, "What are cramps?" and "What does one do about them?" Both clinicians and patients refer to cramps as persistent or continuous unwanted muscle activity beyond what's functional. The sensation of "getting stuck" is myotonia, in which there's delay in relaxation of the muscles; the contraction is normal, but muscle membrane abnormalities make it diffi cult for the muscle to relax. Myotonia is uncomfortable, and people complain about pain.
In the evaluation of cramps, family history is important, looking for other individuals with cramping, weakness, or who have the sensation of muscles "getting stuck." What some patients label "cramps" is instead myokymialocalized involuntary muscle quivering -which may be caused by certain drugs or occur as a result of a paraneoplastic process.
Finally, sometimes a cramp is just a cramp. Dr. Kuntz: He had nothing abnormal on examination. His strength was normal. There was no action or percussion myotonia. However, his CPK was elevated, as you pointed out.
Dr. Listernick: Even though there was no signifi cant weakness or rash, the possibility of dermatomyositis was raised. He was seen by a rheumatologist who felt that this diagnosis was unlikely given the absence of a rash or elevated infl ammatory markers. There was no serologic evidence of a systemic vasculitis. However, the CBC is certainly unusual.
Robert Liem, MD, pediatric hematologist: There's defi nitely some contradictory information. He has a mild microcytic anemia with a wide RDW and an elevated reticulocyte count. If he didn't have an elevated reticulocyte count, the most likely cause for the anemia would be iron-restricted erythropoiesis or iron defi ciency.
Less commonly, you might consider anemia of chronic infl ammation or sideroblastic anemia. In these situations, the reticulocyte count would be low. Soluble transferrin receptor would be very useful in distinguishing between these entities; it's elevated in iron defi ciency but normal in chronic infl ammatory states.
Dr. Listernick: It was normal in this child. What was the contradictory information?
Dr. Liem: Anemia with an elevated reticulocyte count often implies hemolysis. However, most hemolytic anemias are normocytic. Hence, the information is contradictory.
Dr. Listernick: How would you have proceeded?
Dr. Liem: I would have reviewed the smear for signs of hemolysis, such as spherocytes or schistocytes, and looked for ancillary markers of hemolysis, such as an elevated LDH, total bilirubin, or the presence of hemoglobinuria.
He needs a Coombs test. Serum haptoglobin is a great test for hemolysis, but the results may take several weeks to come back, depending on the institution. Haptoglobin binds plasma-free hemoglobin, so it is low in the presence of acute or chronic hemolysis.
Peter Whitington, MD, pediatric hepatologist: You have to have really abrupt and severe hemolysis to increase indirect bilirubin in a child who has normal liver function.
Dr. Listernick: Coombs testing was negative; he did have an elevated LDH with a normal bilirubin. However, early in the evaluation, he was referred to genetics because of an elevated CPK and the possibility of a genetic syndrome that causes recurrent rhabdomyolysis.
Barbara Burton, MD, pediatric geneticist: Although we see many patients who have episodic rhabdomyolysis with pain from a variety of metabolic causes, muscle cramps are not the usual complaint. It didn't sound like one of our diseases, but we did proceed with an evaluation.
Dr. Listernick: What testing was performed?
Dr. Burton: We looked for fatty acid oxidation defects, such as very long chain acyl-coA dehydrogenase defi ciency and carnitine palmitoyltransferase-2 defi ciency. We also did a plasma acylcarnitine profi le and a plasma carnitine level. In 2011, these diseases are screened for on our state's newborn screening panel, but they weren't looked for when this 10-year-old boy was born.
In addition, respiratory chain defects can present with rhabdomyolysis. We performed non-invasive testing for mitochondrial function, including plasma lactate, plasma amino acids, and urine organic acids. Muscle biopsy was considered.
Dr. Kuntz: Both phosphofructokinase and phosphoglyceromutase defi ciencies are muscle diseases that can also lead to hemolytic anemia. These can be diagnosed by testing red blood cell enzyme levels, obviating the need for muscle biopsy. The levels were normal. Chronic pain is not typical of these syndromes; more commonly, these individuals have exercise intolerance or myoglobinuria.
Dr. Listernick: Would EMG have been helpful at this point? Dr. Kuntz: EMG would be useful to exclude any myotonic disorder or any disorder of increased hyperexcitability of the muscle membrane. Given the unusual nature of this case, I didn't think it would be useful. But we did proceed to muscle biopsy. Dr. Listernick: All of the plasma and urine tests were normal. There was no urine myoglobin detected. The muscle biopsy was totally normal, including the routine histology, immunostaining for dystrophin, and the special stains looking for specifi c muscle enzymes.
Moving forward, sometime during the course of his evaluation, a coagulation profi le was obtained that revealed prothrombin time 20.8 seconds, INR 1.7, PTT 35.8 seconds, and fi brinogen 290. He received vitamin K and the prothrombin time did not correct; however, the prothrombin time did correct upon mixing with normal plasma. Interpretation? Dr. Liem: Prothrombin time refl ects the extrinsic arm of your coagulation pathway; the only factor of signifi cance that it refl ects is factor VII, which has a short half-life. Isolated prothrombin time elevation suggests factor VII defi ciency either from an inherited defi ciency, early impaired synthetic function caused by liver disease, or early vitamin K defi ciency, most commonly from malabsorption. Rarely, one can acquire an inhibitor to factor VII.
Dr. Listernick: How do you distinguish among these possibilities?
Dr. Liem: If the prothrombin time corrects in vitro when mixed with normal plasma, then the problem is factor VII defi ciency, either congenital or acquired. If it doesn't correct, then a circulating inhibitor is present. If the prothrombin time doesn't correct in vivo with the administration of vitamin K, liver disease should be suspected.
Lee Bass, MD, pediatric hepatologist: We often measure a variety of coagulation factors in a child who appears to have liver dysfunction to distinguish whether a prolonged prothrombin time is caused by either disseminated intravascular coagulation (DIC) or synthetic liver dysfunction. In DIC, factors V, VII, and VIII are all decreased, whereas in the setting of synthetic liver dysfunction, only factors V and VII are decreased.
Dr. Listernick: One of the early confounding factors was the lack of recognition that there could be signifi cant liver disease present despite the fact that the transaminases, GGT, bilirubin, and alkaline phosphatase were all normal.
Dr. Bass: The elevated prothrombin time that doesn't correct following the administration of vitamin K refl ects liver synthetic dysfunction. Normal transaminases imply that there isn't signifi cant ongoing hepatocellular damage.
Dr. Whitington: In addition, specifi c diseases may lead to specifi c profi les of liver dysfunction. For instance, tyrosinemia is a perfect example of a disease in which patients usually have relatively low aminotransferases without jaundice, yet have evidence of significant synthetic dysfunction. This is probably caused by a direct toxic effect of intermediate metabolites on the terminal carboxylation of the prothrombin factors in the liver.
Dr. Listernick: At this point, a diagnostic study was performed. The combination of nonimmune hemolytic anemia and liver disease strongly suggested the possibility of Wilson's disease (WD). Ophthalmo-
